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Abstract 
It was determined that after removing metal using the method of flow aerosol flotation for the old tailings of the tungsten-
molybdenum factory and adding limestone, the mixture is similar to the clinker used in the production of the Portland cement. 
It was experimentally shown that dumping cakes in the hydrometallurgical production may be divided into a secondary raw 
tungsten-molybdenum complex and a non-metallic part, which when added to the heavy concrete at a ratio of 20-30% of the 
amount of cement do not reduce the strength of the concrete samples, actually, a slight increase in strength upon compression is 
observed. 
Non-metallic parts may be used as a mineral additive in cement production. The cost of mineral additives is ~ 9.5% of the total 
costs on raw materials and 2.4% of the direct expenses. The production cost of 1 ton of cement with mineral additives was 
1757.09 rubles for a selling price of 3964.36 rubles. The factory price of this cement was 3680-4200 rubles, which provides a 
positive commercial result. 
The paper comprises the technical and economic study on the feasibility of utilizing the material according to the developed 
economic models of waste recycling of lead-zinc ore in the production of construction materials. The recipe was concocted. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility ofthe organizing committee of ICIE 2016. 
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1. Introduction 
The industry of building materials is a fragile component of any country's economy, whereby the production of 
cement has a leading position. Today in Russia there are 45 to 59 cement plants, the leaders of which are OJSC 
"Sebryakovcement", OJSC "Oskolcement", OJSC "Maltsovsky Portlandcement" and on the global market - Lafarge 
(France), Holcim (Switzerland), Cemex (Mexico). In terms of their type of ownership, companies in the cement 
industry, as a rule, are private joint-stock companies, and some have a significant number of foreign shareholders. A 
number of large transnational corporations have announced plans to build new cement plants in Russia. 
An analysis of the Portland cement market shows that OJSC "Eurocement Group" (13 cement plants with a 
capacity of 25 million tons per year, 55 % of the Russian cement market) holds a monopoly of the Russian market 
and a sharp increase in the price of Portland cement has led to the fact that the price level of cement in Russia has 
almost reached world figures and in average costs 70 USD per ton. Production cost has only slightly increased - 
mainly due to a raise in power costs and amounts to approximately USD 25-30 per ton while the energetic expensive 
for the "wet" production method and 15-20 USD for the "dry" method, which made the cement industry in Russia 
very attractive to foreign capital.  
The rate of monolithic and panel construction, where cement is the main building material, with more than 20 % 
of the production cost, maintains a steady growth of 7.8 %, 2-3 million m2 of housing annually. To implement the 
construction program, 85-90 million tons of cement are required per year. At the level of "demand-offer" there is a 
cement deficit of 25 million tons. 
The use of waste from the mining and metallurgical industry as cement additives significantly expands the base 
of the cement industry and fully meets the current requirements to supply the growth in demand for raw materials as 
an economical means for the better use of secondary raw materials, that is, waste products for the production of 
building materials [1-7]. 
Our work solves the relevant issue of studying the fundamental properties of heavy concrete based of cement 
with mineral additives in the form of waste from mining and metallurgical industries [8-14]. 
2. Theoretical part 
After extracting minerals from the subsoil and obtaining its valuable components, its main part (about 97-98 %) 
is stored in the form of technogenic waste. The share of mining and metallurgical complex accounts for three-
quarters of the accumulated waste on the territory of Russia in the form of overburden and ore tailings, slag and 
sludge from the processing of concentrates, extracted from pyro and hydrometallurgical ores. To obtain one ton of 
metal from the ore, 30 to 100 tons of waste (tailings) is rejected; upon smelting - from 1 to 8 tons of slag and other 
by products are produced. The accumulated waste is an environmental hazard but also have a significant resource 
value: 1. tailings do not require expensive ore preparation, the cost of which can reach up to 70 % of the total cost of 
production of primary ores; 2. The content of non-ferrous and rare metals in the metallurgical byproduct is several 
times higher than in the primary mineral raw material; 3. when recycling its own waste, the company does not pay 
tax on the extraction of minerals (6 %). However, in the production of non-ferrous and rare metals economic 
recycling does not involve more than 20 % of the overburden produced annually, about 10 % of tailings and 40 % of 
metallurgical slags. The reason is the low content of metal in the wastes and the small number of products obtained 
from them which is insufficient to recover capital investment and operating costs [15, 16]. 
The main scientific idea of this study is to develop a methodical approach to find a cost-effective use for wastes 
through utilization in the large-scale production of building materials and products in the form of mineral additives 
to cement. The scientific novelty of the approach lies in the fact that the mechanical separation methods of waste 
mining and processing production is separated into fractions, one of which is rich in nonferrous and rare metals, and 
the second (non-metallic) that meets the requirements of the mineral additives to cement. The metal fraction is 
reprocessed on existing production together with primary mineral raw materials. The non-metallic fraction is used as 
a mineral additive in cement production. 
When co-processing of metal fractions extracted from the waste and the primary ore, the production capacity 
increases due to the increase in reserves of mineral raw materials, which leads to lower costs of production (capital, 
operational, organizational). However, co-processing results in positive economic results when it complies with the 
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conditions that are ahead of growth of the value of inventories compared to a reduction in the value of the indicator 
of stocks F, defined by the probit regression model:
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fractions. 
The developed approach can significantly improve the economic efficiency and investment attraction of the 
project for complete utilization of technogenic raw materials as compared to projects to replenish the mineral 
resource base of the mining enterprise. 
The reactivity of a mineral additive is determined primarily by the presence of amorphous silica in its structure, 
which reacts with ɋɚ(Ɉɇ)2 forming superfine calcium hydrosilicates with higher astringent properties. This 
contributes to an increase in strength and a reduction in pore sizes which thus decreases concrete permeability. 
3. Results of experimental studies  
The first object of the study were old tailings produced during the processing of tungsten and molybdenum ores 
at the Tyrnyauz processing mill and accumulating 196 million tons of rock-forming minerals tailings consisting of 
quartz, calcite, pyroxene, garnet, plagioclase, fluorite, amphibole asbestos, talc, biotite [17].  
It was found (Table 1), that after removing metal from the old tailings with jets of aerosol flotation, the chemical 
composition of the secondary tailings after the addition of lime is similar to that of the clinker used in the production 
of Portland cement. 
Table 1. Production of clinker from mining production byproducts. 
Chemical 
compound 
Name of of initial products The charge of 1 ton of 
tailings and lime 
Composition of 
the clinker 
tailings limestone 3,9 t ɋɚɈ1 4,6 t ɋɚɈ2 
ɋɚɈ1 ɋɚɈ2 
CaO 17,12 67,0 58,0 58,0 58,0 62,0 – 67,0 
SiO2 59,0 0 7,7 7,7 7,7 20-24 
Al2O3 9,12 0 4,0 4,0 4,0 4,0 – 7,0 
Fe2O3 9,18 0 2,3 2,3 2,3 2,0 – 5,0 
MgO 1,99 1,5 2,2 2,2 2,2 0,5 – 4,5 
SiO3 0 0 0 0 0 <1 
Note: ɋɚɈ1, ɋɚɈ2 – local limestone deposits from Zhukovsky and Bedyksky respectively 
 
Utilizing non-metallic parts of the tailings in the production of cement will significantly improve the financial 
result of the processing of old tailings. 
At the production site of OJSC «Gidrometallurg» in the sludge storage with an area of 10 hectares, there are 
300,000 tons of dump cakes of autoclave-soda leaching tungsten-molybdenum products of the Nalchik 
hydrometallurgical plant. However, the material composition of the waste from the enrichment of the cakes (69,7-
81,4 % CaCO3, 0,67-3,87 % SiO2, 0,23-2,27 % Fe2O3, 0,57-3,82 % Al2O3, 3,7-7,00 % CaF2, 0,20-3,47 % CaO, 3,34-
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6,57 % MgO, 0,12 % (in total) sulphide Cu, Pb, Zn, up to 0,5 % S) It indicates the possibility of their utilization for 
construction enterprises, such as a mineral supplement in the production of heavy concrete (69,7-81,4 % CaCO3, 
0,67-3,87 % SiO2, 0,23-2,27 % Fe2O3, 0,57-3,82 % Al2O3, 3,7-7,00 % CaF2, 0,20-3,47 % CaO, 3,34-6,57 % MgO, 
0,12 % (total) sulfides of Cu, Pb, Zn, up to 0,5 % S) indicates the possibility of their utilization in construction 
companies, for example, as a mineral supplement in the production of heavy concrete. 
The production mix of  M350 type was used for the experiment with a slump 8-9 cm: cement – 450 kg/m3, sand – 
595 kg/m3, crushed stone – 1140 kg/m3 (Table 2).  
Table 2. The impact of adding tailings to enrich cakes for tensile strength (MPa) upon concrete compression. 
Amount added, % of cement Duration of normal concrete hardening, days 
1 3 7 
28 
MPa % 
Control with no additive 7,5 18,1 29,4 36,8 100,0 
5 8,6 20,1 32,2 38,3 104,1 
10 9,4 21,3 33,6 41,5 112,8 
20 10,1 22,3 35,4 44,0 119,6 
30 8,7 20,3 32,3 39,0 106,0 
40 7,4 17,5 28,2 35,0 95,1 
 
The results of the test show that upon adding 20-30 % (of the amount of cement) tailings to the cement 
composition, cake enrichment does not reduce the strength of the concrete samples, actually, some increase in the 
compressive strength is observed. 
The cost of gravity separating one ton of waste (Table 3) into a heavy fraction, which can be used as a secondary 
raw material at the plant and a light fraction that can be used in the production of concrete aiming at reducing the 
expenses on cement, amounts to 144.96 rubles. 
Table 3.Calculating the cost of processing 1 ton of dump cakes. 
ʋ Cost item Unit costs, ruble/ton 
1. Direct costs: raw materials, electrical 
energy 33,86 
2. Costs on staff with deductions 34,39 
3. Depreciation deductions 30,64 
4. Workshop costs 15,44 
Cost of production in workshops 114,33 
5. Total economic costs 9,50 
Cost of production 123,83 
6. Commercial expenses 1,84 
7. Credit fee 19,29 
Total cost of production 144,96 
 
Results of marketing studies show that the waste obtained can be sold at a price of 200 rubles per ton (VAT incl.) 
as a mineral additive to cement. As deduced from the calculations (Table 4), in a cement plant with a capacity of 1.2 
million tons per year, the direct costs to produce 1 ton of cement PC M-500, in demand on the domestic market of 
Russia, is on an average level for the dry production method in the cement industry and amounts to 817.75 rubles 
(VAT incl.). 
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Table 4.The forecast cost of production of 1 ton of cement with mineral additives. 
ʋ Name Expenses Cost for 1 ton 
of material in 
rub. 
Wholesale 
rate, 
rub/unit 
Expenses 
on 1 ton of 
cement, 
rub. 
kg/tof 
cement 
For 1 ton of 
cement 
1. Limestone (marl) 694  150  104,10 
2. Clay 125  200  25,00 
3. Iron ore 
concentrate 2  1100  2,20 
4. Plaster 40  1400  56,00 
5. Slag 40  100  4,00 
6. Mineral additive 100  200  20,00 
SUB_TOTAL costs of raw materials 211,30 
7. Electricity, kWh 93  2,75 255,75 
8. Natural gas, m3 70  5,01 350,70 
SUB-TOTAL cost for electricity and heat carrier 606,45 
TOTAL 817,75 
 
The cost of mineral additive is ~ 9.5 % of the expenses on raw material and 2.4 % of all direct expenses. The 
production cost of 1 ton of cement with mineral additives was 1757.09 rubles and the selling price was 3964.36 
rubles (Table 5). 
Table 5.Calculating the cost of 1 ton of cement 
Cost item Unit costs, rub/t 
Direct costs: raw materials, energy 817,75 
Total costs 2,31 
Costs on staff with deductions 94,50 
Depreciation deductions 335,03 
Credit fee 507,50 
TOTAL 1757,09 
 
The factory price of this cement was 3680-4200 rub/ton. Hence, the project of dump cakes processing of the 
hydrometallurgical production of tungsten trioxide has a positive financial result. 
Recycled lead-zinc ore wastes can also be used in the production of construction materials. The issue with 
dredging sand from the tailings storage and dividing them into sulfides (significant for non-ferrous metals) and non-
sulfides - raw material for the production of building materials. It is advised to separate old tailings into fractions for 
different purposes using mobile (on prefabricated foundations) non-capital modular enriching complexes (Table 6). 
Costs to separate sand into sulphide and non-sulphide fractions using the gravity concentration method amount to 
17,94 rub/m3. 
The non-sulphide fraction contains, %: SiO2 – 73,7, Al2O3 – 9,13, TiO2 – 0,15, Fe2O3 – 3,08, CaO – 2,78, MgO – 
1,50, K2O – 2,14, Na2O – 0,75, Sɨɛɳ – 0,41, CO2 – 2,28. The bulk of it is made of quartz (66.5 %), carbonates 
(7,31%), feldspar (15.0 %), sericite (8.0 %), mica (0.42 %), iron hydroxides (0.39 %), amphiboles (0.78 %), and 
other minerals. About 30 % of the mass of the light fraction passes through cells of  0,1 mm upon 
hydroseparation. A preliminary study of the non-metal parts of the tailings showed that this material could be used: 
in the metallurgical industry as molding sand and when operating the fluidized bed furnace; in the construction 
industry as a binder component for heavy concrete-fibre and sand-lime bricks, to produce spreading for soft roofs, 
and as a silica component in autoclaved aerated concrete; in the glass industry for the production of green and brown 
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packaging, for the production of insulation mats made of staple fiber, stone casting, marblita, water glass; in the 
paint industry as a filler for paint and other purposes [18-20]. 
Table 6.Equipment for the mobile modular plant working at a rate of 50 m3/h. 
item no. Name of main 
equipment 
Capital expenditures 
equipment accepted total balance, 
rub. type amount 
1. Dredger ɍȽȻ-3 1 3 424 000 
2. Bulldozer Ⱦ-521Ⱥon the tractor base Ɍ-180 1 1 109 750 
3. Dumptruck ɄɪȺɁ-256Ȼ 2 851 000 
4. Three-channel hydroseparator analogue of "Lavodyun" 43 23 680 000 
5. Screw lock ɒȼ3-1000 10 7 400 000 
6. Concentration Area:    
  ɋɄɈ-15 3 3 330 000 
  ɋɄɈ-7,5 2 1 554 000 
7. Thickener:    
 non-metallic products ɋɐ-25 1 27 750 000 
 sulphide product ɋɐ-9 1 15 540 000 
8. Vacuum filter Ⱦɍ63-2,5 3 13 320 000 
9. Vacuum pump ȼȼɇ-50 2 621 600 
10. Gravel pumps:    
 for the gravitation unit Warman 6/4 8 4 440 000 
 for the de-watering unit  Warman 6/4 4 2 220 000 
Total capital expenditures: 105 240 350 
 
The calculation of the cost of production of hydromechanized excavation of 1 m3 of sand from the tailings in the 
storage is shown in table 7. 
Table 7. Calculating the cost of producing 1m3 of sand. 
item no. Cost item Costs, rub/m3 
1. Basic wage 7,33 
2. Additional wage 1,05 
3. Accruals for wages 2,53 
4. Fuels and lubricants 5,11 
5. Electricity 6,36 
6. Accessory materials 1,67 
7. Maintenance 5,22 
8. Depreciation 10,55 
9. Drainage works 1,82 
10. Reclamation 1,39 
11. Workshop costs 2,05 
Total cost of production in workshop 45,08 
1580   S.I. Evdokimov et al. /  Procedia Engineering  150 ( 2016 )  1574 – 1581 
Based on the properties of the non-metal part of sand from Ural tailing storage, conditions were designed to 
manufactyre silicate bricks: activity of raw mix - 3 %, moisture formation - 8.5 %, pressing pressure - 15 MPa, 
steaming mode - (2 + 8 + 2) hours at 0,8 MPa. Silicate brick obtained in semi-industrial conditions are characterized 
by the following indicators: weight - 1785 kg/m3, water absorption - 17.4%, compressive strength - 12.8 MPa, 
flexural strength - 2.8 MPa, freeze thaw resistance - 35. The bricks thus obtained are conform to GOST 379-79 
requirements to brick of the mark «125». Replacing lime binder with lime-sand (30 % lime and 70 % non-metal part 
of the tailing) makes it possible to increase brick quality up to «150». 
A flow rate of the mixture components per 100 kg of glass was devised for the production of staple fiber (fiber 
glass, in this case, staple, used for the production of thermal insulation materials - slabs, mats in rolls, instead of 
metal reinforcement structures), kg: non-metallic part of the tailing - 84.1, limestone (chalk) - 23.4, dolomite - 1.5 
and soda ash - 20.0. 
A flow rate of components (kg) for the production of 100 kg of marblite (thickened with flat black glass, 
produced through periodic and continuous rolling): non-metallic part of the tailing - 64.1, silica sand BC-050-1 - 
11.0, dolomite - 22.2, limestone (chalk) - 25.7 , crocus - 1.2 chromium oxide - 1.6, manganese oxide - 1.5. 
4. Conclusion  
It was found that after removing metal using aerosol jet flotation the old tailings of  tungsten-molybdenum from 
the plant and adding lime into the composition, a clinker similar to the one used in the production of Portland 
cement was obtained. 
It was experimentally shown that dumping cakes in the hydrometallurgical production may be divided into a 
secondary raw tungsten-molybdenum complex and a non-metallic part, which when added to heavy concrete at a 
ratio of 20-30 % of the amount of cement does not reduce the strength of the concrete samples (but rather slightly 
increases the strength) upon compression. This is the technical and economic rationale for using non-metallic parts 
in the form of mineral additives in cement production. 
Given the technical and economic study on the feasibility of utilizing the material according to the developed 
economic models of waste recycling of lead-zinc ore in the production of construction materials. A recipe was 
concocted. 
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